RESUMEN
INTRODUCTION
Consumers are increasingly aware of the relationship between nutrition and health, and this knowledge has led to reservations regarding the consumption of red meats associated with the content and quality of fat, although the lipid content of meat contributes to its cooking characteristics, palatability and overall organoleptic properties (Wood et al., 2008) . Nevertheless, the lipid composition of red meats, and beef in particular, can vary considerably depending on the feeding strategy and production system employed (Kraft et al., 2008; Rearte, 2002) . It has been shown that beef lipids can be manipulated by altering, among others, the content of saturated (SFA), and polyunsaturated fatty acids (PUFA), the n3: n6 ratio, and the content of conjugated linoleic acid (CLA) as well as that of its precursors (Scollan et al., 2006) . Advancements in beef lipid analyses are due in part to the development and refinement of the analytical techniques used in determining the fatty acid profiles of feed and food (e.g. Christie et al., 2007; Christie, 1989) .
A literature search conducted on the database of the INIA Library at La Platina, Chile, using the keywords (in Spanish) "meat ϩ fatty ϩ acids" identified only 33 Chilean references over the period from . Only 10 of them referred to beef, all of them prior to 1990, and with some overlap between theses and papers. In contrast, research conducted in neighboring countries is comparatively abundant and up-to-date (e.g. Garibotto and Bianchi Olascoaga, 2008) and sometimes includes comparisons among important beef cuts.
An exploratory, unreplicated, analysis of 21 beef cuts conducted by Vera et al. (2009) revealed large differences in their lipid content and composition, but also showed that all of them were lean, and that from a human health perspective had adequate fatty acid profiles.
The objective of the present research was to compare the lipid composition of eight different cuts of beef from calves produced by small farmers in the VIIth Region of Chile.
MATERIALS AND METHODS
The experimental animals were suckling male and female calves grazing year round with their dams on mixed pastures, without access to concentrate or supplements. The calves where shipped to a commercial abattoir without prior weaning at the age of 7-8 months. A total of 54 Hereford, Aberdeen Angus and crossbred calves fattened by small farmers associated with Carnes Andes Sur (VIIth Region of Chile; latitude: 33°24', longitude: 70°40'W) were slaughtered on three different dates in March, 2008 . The calves originated from 11 different farms and their average carcass weight was 150 Ϯ 22 kg. Five samples of eight commercial beef cuts each selected based on earlier information (Vera et al., 2009) were collected randomly as they came out of the abattoir so that each sample and cut may have originated from a different animal. It was therefore expected that variation within-and between cuts would be maximized. All samples were cooled and later vacuum packed following industry practices. The beef samples were subjected to chemical analysis as they would be presented to the final consumer, without removing the external fat cover if any. Thus, the analytical results represent the lipid content of muscle, including intramuscular fat, and the undetermined amount of cover fat left by processing in the abattoir.
All chemical analyses were conducted at the Departamento de Ciencia y Tecnología de los Alimentos, Facultad Tecnológica, Universidad de Santiago de Chile, and included the determination of total fat, cholesterol and the fatty acid profile. Fatty acids were extracted as per Bligh and Dyer (1959) , and were methylated with BF3 (Christie, 1989) . Quantification was carried out by gas chromatography using a 60 m ϫ 0.22 mm ϫ 0.25 µm BPX-70 column with C17:0 as internal marker. The procedure quantified 21 fatty acids, but 13 individual points were missing in the 5 samples ϫ 8 cuts ϫ 21 fatty acids database, including 8 for two trans fatty acids (TFA) and the rest were minor PUFA. The results were expressed as percentages of each fatty acid relative to the total sum, various ratios among them, including the atherogenicity index (Ulbricht and Southgate, 1991) , as well as the actual content of each fatty acid (g/100 g meat).
Cholesterol was determined by reverse-phase HPLC with a UV-VIS detector after the extraction of fat (Bligh and Dyer, 1959) and unsaponifiable material (AOAC, 2005) .
Prior to statistical analysis, the database was examined for internal consistency and the possible presence of outliers. The distribution of the data for individual fatty acids was examined and if not normally distributed, the data were subject to appropriate transformations. A multivariate analysis of variance was initially conducted on the fatty acids vector, which was followed by a univariate analysis of individual fatty acids (% of total fatty acids) and selected ratios among them. The contents of fatty acids (mg/100 g meat) were not statistically analyzed as they can be approximated by multiplying the respective percentages by the fat content, since the sum of the fatty acids identified in the chromatograms averaged 96% of the fat content. The discriminant analysis used a forward stepwise procedure to select variables, with Fϭ4 for acceptance and rejection. All statistical analyses were carried out with STATGRAPHICHS Plus 5.1 ® .
RESULTS
There was considerable variation between cuts in fat content (pϽ0.01, Table 2), with an average content of 2.12% and maximum and minimum for "lomo liso" (the approximate USA and UK synonyms are listed in Table 1 ) and "asado abastero" whose values were 4.23% and 0.68% respectively. On the other hand, no significant differences (pϾ0.05) were found between cuts for cholesterol content, which averaged 44.7 mg/100 g meat (range 33.2-58.8). The correlation between fat % and cholesterol content was not significant (pϾ0.05).
The discriminant analysis conducted on the vector of 18 fatty acids for which there were complete data for all cuts identified five discriminant functions. The Wilks Lambda test was highly significant (pϽ0,01) for the first four functions and the respective standardized coefficients are shown in Table 4 . The discriminant functions correctly classified all but two "abastero" and one "posta negra" samples.
The contribution of each fatty acid to the total is shown in Table 1 . As can be inferred from the generally low standard errors (s.e.) there was very little variation for the fatty acid profile within cuts (Table 1) , which probably contributed to highly significant differences between cuts for most fatty acids even if absolute differences were modest. SFA accounted for 56% ("lomo liso") to 45% ("posta negra") of the total fatty acids (Table 2 ) and in general SFA tended to increase with increasing fat percentage (r ϭ 0.60, pϽ0.01). On average, stearic acid (C18:0) accounted for one fifth of the SFA, and oleic acid represented 80% of the total MUFA. Generally speaking, beef cuts with the larger content of SFA had a non significantly (pϾ0.05) lower content of monounsaturated fatty acids (MFA) and particularly a lower PUFA content (r ϭ Ϫ0.88, pϽ0.01). Also, palmitic acid (C16:0), the main SFA, tended to increase with increasing fat % across cuts.
The magnitude of the differences between cuts in fatty acid composition was slightly higher when expressed as percentages than in terms of the actual content shown in Table 3 . As an example, "posta negra" trebles the PUFA% of "lomo liso", but the actual difference in content is smaller, a trend that is applicable to most of the remaining fatty acids. The PUFA/SFA ratio varied between cuts (p<0.01, Table  2 ) and ranged between 0.1 for "lomo liso" and 0.35 for "abastero" and "posta negra". The PUFA/SFA decreased asymptotically across cuts with increasing fat % as shown in Figure 1 . The n6: n3 ratio ( nevertheless, the average values ranged only between 1.9 for "lomo liso" and 2.6 for "sobrecostilla" and "punta de ganso" respectively. Differences between cuts in the atherogenicity index were significant (pϽ0.001, Table 2 ), with an average value of 1.2 (range 1.68-0.86). The percentage of trans fatty acids was small in all cases (Table 2) .
DISCUSSION
It was initially hypothesized that variability between-and within-cuts would be maximized by the sampling procedure followed but the results were more consistent and less variable than anticipated considering the diverse provenance of the animals, the fact that they were processed on three different dates, and that they were slaughtered in a commercial abattoir following ordinary industry protocols. The small variability observed was no doubt partially responsible for finding significant differences, although they were generally small in magnitude. The small variability must also have contributed to the discriminatory power of the multivariate analysis which was effective in correctly classifying all but three of the Thus all eight cuts examined had distinct fatty acid profiles as shown by the multivariate analysis, and differences among them as identified by the discriminant analysis appeared to reside in a small number of fatty acids (Table 4) , some of which make a small contribution to the total. Nevertheless, this hypothesis remains to be validated with a much larger and diverse database. A less stringent analysis (not shown) correctly classified all 40 samples using a larger number of variables. Multivariate techniques such as discriminant analysis and principal component analysis have been proposed as useful techniques that may assist in assuring the trace ability and quality control of various animal products (Poveda and Cabezas, 2006; Prache et al., 2005; Boyazoglu and Morand-Fehr, 2001; Reid et al., 2006; Aurousseau et al., 2007) .
The fat content of all cuts was low to moderate compared to beef produced in temperate and subtropical grazing systems of neighboring countries (Latimori et al., 2005; Descalzo et al., 2005; Montossi et al., 2008; Grompone, 2008; Garibotto and Bianchi Olascoaga, 2008) , Australia (Williams, 2007) and elsewhere, admittedly with somewhat older steers. Brito (2008) compared the L. dorsi of Uruguayan 2 and 3 year old steers with equivalent animals from Germany, Spain and the UK and found PUFA/SFA ratios of 0.30, 0.23, 0.17, 0.43 and 0.16 respectively, whereas the present results range between 0.095 and 0.359 depending upon the cut, with the higher, more desirable, ratios generally associated with leaner cuts.
As anticipated, all of the cuts examined were leaner than those produced from older, fatter grazing cattle, frequently supplemented with concentrates. Scollan et al. (2005) have shown that SFA and MUFA increase more rapidly than PUFA with increasing age and fatness of animals, with the result that the PUFA/SFA ratio decreases exponentially with increasing carcass fat approaching a minimum around 0.1. For example, Enser et al. (1996) analyzed 50 samples of "lomo liso" (sirloin steak) collected from supermarkets in the UK and found an average of 3.84 g fatty acids/100 g muscle, but 15.5% in the whole cut. Similarly, these authors reported a PUFA/SFA ratio of 0.11 in muscle and 0.05 in the adipose tissue of the cuts, and an n6:n3 ratio of 2.1 (2.3 in adipose tissue). Furthermore, as Figure 1 shows, the asymptotic decrease in the PUFA/SFA ratio referred to above, also applies across muscles. The values found in the present analyses compare favorably with the previously cited values, although a strict comparison is impossible due to differences associated with the extent to which external fat is trimmed prior to reaching the consumer. Also, the different fatty acid profiles of external or subcutanenous fat and that of intramuscular fat, particularly in regards to long-chain PUFA (Wood et al., 2008) , muddle precise comparisons.
There is little information in the current literature on the composition of beef from young calves in good condition, and relevant data are included in Table 5 for comparative purposes. Villareal et al. (2005) analyzed the L. dorsi muscle of weaned, 167 kg calves of different biotypes in Argentina and reported an average content of 49.3% SFA, 40.2% MUFA and 10.5% PUFA. European Union regulations classify animals younger than 10 months of age as calves, and although suckling would be expected to be associated with differences in the lipid profile of meat, an early study (Moreno, cited by Moreno et al., 2006) found little differences in organoleptic characteristics between weaned and unweaned calves. Nevertheless, Sañudo et al. (1998) reported better organoleptic traits in milk-fed lambs and some differences in lipid profile. More recently, Moreno et al. (2006) compared weaned and unweaned beef calves of the Rubia Gallega breed slaughtered with a carcass weight of 184 kgs. The percentage of oleic acid in the L. thoracis muscle of unweaned calves exceeded that of palmitic acid, and the PUFA/SFA ratio was 0.20. In general these results, and the contents and percentages of SFA, MUFA, PUFA and major fatty acids, compared reasonably well with the composition observed for "lomo liso" in the present report.
The content and the contribution of oleic acid (C18:1) to the fatty acid profile in all the cuts examined was high and was generally higher than that of palmitic acid (C16:0), by far the main SFA, which together with C12:0 and C14:0 have been implicated in the course of various chronic diseases (Lichtenstein, 2006; Pacheco et al., 2006) . Oleic acid is synthesized in animal tissues from stearic acid by the enzyme stearoyl CoA desaturase, the same enzyme that gives rise to CLA (Wood et al., 486 2008). In this context, it would be of interest in future studies to assess the proportion of vaccenic acid (C18:1 trans 11), a direct precursor of CLA, and presumably present in the C18:1t fraction shown in Table 1 (Grompone, 2008) since Nudda et al. (2008) have shown in goats that the contents of these fatty acids in milk is closely correlated with those found in kids' muscles. Furthermore, monounsaturated fatty acids such a oleic acid have shown positive attributes in terms of human health, including antiapoptotic effects and others (e.g. Maedler et al., 2003; Bauman et al., 2008) . The contribution of trans fatty acids to the total fat content was extremely small in comparison to data for several European countries reported by Aro et al., (1998) . The atherogenicity index proposed by Ulbricht and Southgate (1991) integrates undesirable and desirable fatty acids from a human health perspective, and as shown in Table 2 all cuts showed low values, notwithstanding significant differences between them. The actual contents of individual fatty acids (Table 3) are useful in computing potential intake by human subjects.
In this case, as well as for the rest of the parameters quantified, "lomo liso" is notoriously different from the remaining cuts, but it still possesses a very desirable lipid profile. All cuts examined in the present analyses were leaner and had slightly better lipid composition than that of the older steers most frequently reported in the literature. Despite the higher fat content and the fatty acid profile of the samples analyzed by Enser et al. (1996) who found up to 15.5% fat, a PUFA/SFA ratio of 0.11 and n6:n3 ratio of 2.1, the authors concluded that they constituted a valuable source of unsaturated fatty acids and that the PUFA/SFA ratio of 0.11 did not constitute a significant disadvantage in the context of a well balanced human diet. That would certainly be the case for the beef cuts examined in this paper.
CONCLUSIONS
This study demonstrated that important differences exist in the fat content and the fatty acid profile of eight different cuts obtained from suckling male and female beef calves 7-8 months old. Nevertheless, all the cuts were lean, relatively low in saturated fatty acids, had a healthy n6:n3 ratio and a low atherogenicity index, and generally had adequate lipid composition. Furthermore, these meat cuts were comparable in terms of lipid composition to the best cuts produced in grazing systems by traditional beef exporting countries. Table 3 f Grompone et al (2002) , un numbered figure c Moreno et al (2006) , Table 6 g Williams (2007) , Table 1  h Brito (2008), Table 1 i Schindler et al (2004) , Table 2 They would thus make a valuable contribution to a balanced human diet. The relationship between the composition and intake of the dam's milk, and the calves' body composition remains to be elucidated. A discriminant analysis based solely on the percentage of the fatty acids, classified samples belonging to different cuts with reasonable accuracy but further confirmation of the accuracy of these statistical analyses would be desirable if they are to be used for trace ability and quality control purposes.
